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Fnergy Efficiency First |REEaEaE

Make homes, workplaces and communities energy
efficient thru weatherization and efficient lighting/

appliances.

Because of PCE, residential rate payers won[l see much
benefit from a wind farm.

Once efficient, pursue renewable energy. Otherwise,
money is wasted to build an oversized system.

EE makes economic sense — faster payback (2-3 years vs.
15-20 for wind projects in rural Alaska) than any other
option and immediate reduction in monthly heat and
electric bills.
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How windy is it, really?

- Anecdotal weather data or observations
can be deceptive. For example:

A few windy days get some people wanting to install
wind turbines.

It only takes one rainy day for people to think that
fire danger is reduced.

A short cold spell can fool us into not seeing an
overall warming trend.

- What matters is the wind speed
throughout the course of an entire year.
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How windy is it, really?

- The formula for wind power is:

Power = 0.5 x Rotor Swept Area x Air Density x Velocity?

- Thus, doubling the wind speed from 3
meters/sec to 6 meters/sec

/ meters/sec wind speed adds another
58% increase in wind power over 6
EE A
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How windy is it, really?

Measure the wind for a minimum of one
year. * L '.x;:? -
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How windy is it, really?

Met towers require a permit from the FAA
and consultation with US Fish & Wildlife,
State Historic Preservation Office and

possibly other agencies.
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What the raw data shows

P? Windographer - [Napakiak Wind Data.

Fr File View Data Analyze Tools Window Help
DEe= | SOMM 2F 7T F o
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Summarize data into information

F Windographer - [Napakiak Wind Data.wi
¥  File View Data Analyze Tools Window Help

Db & OCHEM 25 F 7| F o

Summary | Time Series | Wind Rose | Daily Profile | PDF | CDF | Scatterplot  Boxplot | DMap | Tables | Reports |

Data column |Efo s iy -
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Summarize data into information

12 Windographer-[S;int Michael 0021, final.windog] nr@n X
r File View Data Analyze Tools Window Help
DEed &OMR | 2%F T F o

Summary l'ﬁme Series | Wind Rose ] Daily Profile I PDF | CDF | Scatterplot I Boxplot | DMap | Tables ] Reports |

Data set properties 100 Vertical Wind Shear Profile, All Sectors i
Latitude: N 60° 48" 0.000" == Mesasured dsts
Longitude: W 161° 54' 0.000" : s::le;lva;; fit
Elevation: 80m
Start date: 7/21/2010 00:00
End date: 9/19/2011 10:00
Duration: 14 months
Time step: 10 minutes
Calm threshold: Om/s

Wind Frequency Rose (28.6 m)
o

Q% calm
225’; & calm

Environmental conditions
Mean temperature: 264 °C
Mean pressure: 100.3kPa
Mean air density: 1.270 kg/m?
Air density ratio: 1.036

Heiglht Above Ground (m)

Wind power coefficients
Power density at 50m: 506 W/m? 3 4
Wind power class: 5 (Excellent) Mean Wind Speed (m/s)

Wind shear coefficients Seasonal Wind Speed Profile Daily Wind Speed Profile
Power law exponent:  0.108 A == Speed 28.4 m A == Speed 284 m A
Surface roughness: 0.00222m == Speed 28.4mB [ ' == Speed 28.4mB
S d 18.8 1 ! } S d 18.8
Roughness class: 048 Pee o PES 0

Roughness description: Snow surface

w s m

Mean Wind Speed (m/s)

Maan Wind Speed (m/s)
X)

7 ' S 5 | 18
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Frequency (%)

Wind ¢

tlon Vs, turoing oowear curysa

Probability Distil|

@+ Monthly details
" Turbine comparison Month Data

Wind turbine |Nonhen Power Nw100 21m

Properties
Manufacturer.  Northern Power
Website: wwww. northernpower. com

Rotor diameter:  20.7 m
Rated power: 100 kiw!
Power regulation: Stall control

Losses

Downtime losses (%) ,78
Array losses (%) ,75
Icing/soiling losses (%) ’7‘1
Other losses (%) ,74

Overall loss factor (%) 17.70

[ceeuze |

Valid

Points
Jan 4,464
Feb 4,032
Mar 4,464
Apr 4,320
May 4,464
Jun 4,320
Jul 4,644
Aug 8652
Sep 4176
Oct 4,464
Nov 4,320
Dec 4,464

Overall

Help

56.784

This window calculates the energy output of a wind turbine in this wind regime. Select a type of wind turbine and a hub height, then click Calculate Output.

6.85

13.66 6.21

Cancel

289

253115

LI Details... ‘ Edit... | New... | Delete... ‘ Compare. |
Hub height
120 @& 37m
" Other 70
- 90
g
H
g e
:
* 20
0
0 5 10 15 20 25 30
Wind Speed (m/s)
Hub Height Time At Time At Mean Net Mean Net Net Capacity
Wind Speed Zero Dutput Rated Output Power Output Energy Output Factor
(m/s) (%) (%) (k) [kwhiyr) (%)
9.78 5.47 26.39 51.6 38,426 51.6
8.40 7.59 11.01 1.7 28,020 1.7
9.00 5.31 17.67 483 35,905 483
710 15.42 879 317 22,820 31.7
6.10 1017 0.07 21.2 15,745 21.2
514 2083 1.09 14.4 10,338 14.4
5.31 22.42 0.67 15.8 11,790 15.8
5.56 19.30 013 181 13,478 18.1
6.78 16.33 486 277 19,915 277
5.56 15.30 0.38 17.7 13175 17.7
639 1373 1.69 255 18,363 255
8.38 719 6.94 444 33,028 44.4

289

Add Turbine Output Time Series To Data Set & Close |
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== Actual data == Best-fit Weibull distribution (k=1.99, c=7.39 nvs)




Frequency (%)

Wirid distrioution vs. turnire oowear curye

Probablllty Disti This window calculates the energy output of a wind turbine in this wind regime. Select a type of wind turbine and a hub height, then click Calculate Output.
12
Wind tubine [EwT 300-54 ~| Detais..| Edt. | New.. | Delete.. | Compare.. |
Properties Hub height
Manufacturer.  EWT Intemational 1.000 " 50m
Website: http: /v ewtintermational.c @« 75m
Rotor diameter: 54 m 800 " Other 70
Rated power: 900 kW g
Power regulation: Pitch control g’ 800
s
Losses © 400
Downtime losses (%) ] %
@
91 Array losses (%) 5 200
Icing/soiling losses (%) 4
P 0
Bleifosses () 4 0 5 10 15 20 25 20
Overallloss factor (%) 17.70 Wind Speed (m/s)
" Monthly details Valid Hub Height Time At Time At Mean Net Mean Net Net Capacity
" Turbine comparison Month Data Wind Speed Zero Output Rated Output Power Output Energy Output Factor
Points [m/s) (%) (%) (kW) [K\whdyr) (%)
Jan 4,464 11.61 2.84 35.10 5122 381.046 56.9
6+ Feb 4,032 9.96 278 18.95 4543 305,266 50.5
Mar 4,464 11.00 260 34.88 503.8 374,860 56.0
Apr 4,320 825 6.76 16.30 3334 240,038 370
May 4,464 6.85 363 1.19 2374 176,623 26.4
Jun 4,320 562 6.85 2.55 149.2 107.432 166
Jul 4644 5.68 933 351 157.3 117.032 175
Aug 8,652 618 7.51 1.47 196.9 146516 219
Sep 4176 7.59 4.02 11.16 286.9 206,586 319
Oct 4,464 6.20 4.26 213 197.4 146,858 219
Nov 4,320 7.24 6.74 361 2839 204,442 315
Dec 4,464 10.25 365 1911 506.7 376.979 56.3
3 Overall 56,784 7.89 5.29 11.65 308.4 2,701,828 343
Help Cancel Add Turbine Output Time Series To Data Set & Close |

10 15 4y 2
Speed 29.2 A (m/s)

== Actual data == Best-fit Weibull distribution (k=1.99, c=7.39 nvs)
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15

Speed 29.2 A (m/s)
== Actual data == Best-fit Weibull distribution (k=1.99, c=7.39 nvs)
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This window calculates the energy output of a wind turbine in this wind regime. Select a type of wind turbine and a hub height, then click Calculate Output.

Cancel

Wind turbine ICopy of Gaia 11KW ﬂ Details... ‘ Edi.. ‘ New... ‘ Delete... [ Compare... |
Properties Hub height
Manufacturer:  Gaia 15 C 18m
‘Website: hittp: //wwww. nrel. gov/wind/s ® 30m
Rotor diameter: 13 m " Other
Rated power: 15 kw g .
=
Power regulation: Stall control g’
s
Losses =
Downtime losses (%) 6 g 5
[
Auray losses (%) 5
Icing/soiling losses (%) 4
Other losses (%) 4 0 > i o o =5 .
Overall loss factor (%) 17.70 Wind Speed (m/s)
& Monthly details Valid Hub Height Time At Time At Mean Net Mean Net
" Turbine comparison | Month Data Wind Speed Zero Output Rated Output Power Output Energy Output
Paints (més) %) %) (kw) (kwhdyr)
Jan 4,464 930 6.83 34.30 86 E.368
Feb 4,032 8.00 8.38 19.59 75 5,033
Mar 4,464 849 5.56 3351 84 6,268
Apr 4,320 6.80 16.67 16.02 57 4,096
May 4,464 5.50 10.48 1.72 43 3197
Jun 4,320 5.01 21.54 2.45 29 2,082
Jul 4644 521 23.08 2.37 33 2,449
Aug 8,652 5.39 20,60 1.18 37 2,723
Sep 4176 6.56 16.28 1257 5.0 3630
Oct 4,464 5.39 16.02 365 35 2617
Nov 4,320 E.16 1410 5.81 5.1 3662
Dec 4,464 7.90 7.57 19.35 8.2 .082
Overall 56,784 6.57 14.48 11.81 5.4 46,964

Net Capacity

Factor
%)

57.1
439
56.2
379
287
193
218
24.4
336
235
339
54.5
35.7

Add Turbine Output Time Series To Data Set & Close
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== Actual data === Best-fit Weibull distribution (k=1.82, c=7.48 nvs)
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Frequency (%)

wiridl distrioutior)

Fi istibution Function, All Sectors
This window calculates the energy output of a wind turbine in this wind regime. Select a type of wind turbine and a hub height, then click Calculate Output.
Wind turbine [Nonhen Power Nw/100 21m ﬂ Details.. ‘ Edit... | New... ‘ Delete... ‘ Compare... |
Fropetties Hub height
Manufacturer:  Northem Power 120 & 37m
124 Website: www.horthempower. com " Other 70
Rotor diameter:  20.7 m
Rated power: 100 KW/ &
J Power regulation: Stall control ?
3 e
Losses @
Downtime losses (%) [ %
<
g Aray losses (%) 5 20 ‘
Icing/soiling losses (%) 4
Other losses (%) 4 % 5 10 15 20 25 20
| Overall loss factor (%) 17.70 Wind Speed (m/s)
8 -1 & Monthly details Valid Hub Height Time &t Time At Mean Net Mean Net Net Capacity
" Turbine comparison Month Data Wind Speed Zero Output Rated Output Power Output Energy Output Factor
Points [m/s) (%) %) (Kw) (Kwhdyr) (%)
Jan 4,464 9.99 6.53 2578 527 33196 52.7
) Feb 4,032 8.34 16.89 20,68 366 24,596 366
Mar 4,464 7.80 963 7.46 365 27183 365
Apr 4,320 6.35 1037 486 227 16,327 227
6 May 4,464 5.75 14.45 0.09 18.4 13,720 18.4
T Jun 4,320 567 1412 0.00 178 12,822 17.8
Jul 6,048 6.06 1357 1.47 208 15,459 208
Aug 8,928 567 17.98 021 182 13563 182
p Sep 6,972 7.46 13.04 6.04 308 22,202 308
Oct 4,464 6.53 15.84 3.90 261 19,402 261
Nov 4,320 6.53 17.13 475 269 19,385 269
Dec 4,464 659 20.41 793 279 20,793 279
4 Overall 61,260 6.81 14.37 619 272 237.942 27.2
Help Cancel Add Turbine Output Time Series To Data Set & Close

10 15 25
Speed 284 m A (m/s)

== Actual data === Best-fit Weibull distribution (k=1.82, c=7.48 nvs)
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= Actual data

This window calculates the energy output of a wind turbine in this wind regime. Select a type of wind turbine and a hub height, then click Calculate Output.
Wind turbine |EwT 90054 ~| Detais..| Edt. | New. | Delete.. | Compare.. |
Properties Hub height
Manufacturer:  EWT Intemational 1.000 @« 50m
Website: http: //wwww. ewtintemational.c S 75m
Rotor diameter: 54 m 800 " Other 70
Rated power: 900 kw/ g
Power regulation: Pitch control E €00
5
Losses e 0
Dawntime losses (%) 6 g
<
Array losses (%) 5 200
Icing/soiling losses (%) 4
% 0
Other losses (%) ﬁ 0 5 10 15 20 25 30
Overall loss factor (%) 17.70 Wind Speed (m/s)
& Monthly details Valid Hub Height Time At Time At Mean Net Mean Net Net Capacity
" Turbine comparison | Month Data Wind Speed Zero Output Rated Output Power Output Energy Output Factor
Points [m/s) %) %) (k'w) [Kwhiyr) %)
Jan 4,464 1027 314 2462 468.8 348,767 521
Feb 4,032 870 10.79 2026 3234 217.33% 359
Mar 4,464 8.02 511 7.7 3288 244628 365
Apr 4,320 6.53 440 454 1936 143,734 222
May 4,464 5.93 515 0.31 1686 125,462 187
Jun 4,320 5.83 5.42 0.44 1636 117.791 182
Jul 6,048 6.27 5.84 296 194.1 144,330 218
Aug 8,928 5.89 883 218 1723 128,203 191
Sep 6972 7.74 491 12.85 2853 205,425 31.7
Oct 4,464 6.82 5.40 5.38 2404 178,863 267
Nov 4,320 6.81 884 5.21 250.4 180,315 278
Dec 4,464 6.85 10.95 759 2529 188,193 281
Overall 61,260 7.04 E.61 7.45 2477 2,169,523 275

Add Turbine Output Time Series To Data Set & Close

| WED Cancel

10 15 25
Speed 284 m A (m/s)

== Best-fit VWeibull distribution (k=1.82, c=7.48 nvs)
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This window calculates the energy output of a wind turbine in this wind regime. Select a type of wind turbine and a hub height, then click Calculate Output.

Wind turbine ‘GaiaHKW j Details... ‘ Edit.. | New... | Delete.. [ Compare...|
Propetties Hub height
Manufacturer.  Gaia 15  18m
Website: http: /Awww. nrel. gov/wind/ s ® 30m
Rotor diameter: 13 m " Other 70
Rated power: 11 kw g o
Power regulation: Stall control g’
1
Losses @
Downtime losses (%) 6 g 5
4
Aray losses %) 5
Icing/sailing losses (%) ﬁ
3, 0
Other losses (%) 4 P 3 10 = o o
Overall loss factor (%) 17.70 Wind Speed (m/s)
" Monthly details Valid Hub Height Time At Time At Mean Net Mean Net Net Capacity
" Turbine comparison | Month Data Wind Speed Zero Output Rated Output Power Output Energy Output Factor
Paints [m#s) %) (%) (ki) (Kiwhdyr) %) 1
Jan 4,464 981 6.77 63.82 3.0 6,710 820
Feb 4,032 810 19.07 37.55 6.0 4,047 54.8
Mar 4,464 766 10.01 4362 6.9 5,168 63.1
Apr 4,320 623 11.37 17.45 44 3177 401 ||
May 4,464 563 14.81 12.37 39 2,903 355
Jun 4,320 557 14.38 15.46 37 2,658 336
Jul 6,048 5.92 14.02 13.08 40 2,997 366
Aug 8,928 553 18.39 14.66 36 2645 323
Sep 6972 7.28 1357 31.30 56 4,015 507) |l
Oct 4,464 6.44 16.58 2672 5.0 3,707 453
Nov 4,320 635 17.92 2810 5.1 3,704 468 ||
Dec 4,464 6.41 21.57 28.09 5.2 3876 47.4
Overall 61,260 6.65 15.02 27.08 5.1 44,432 461
Help Cancel Add Turbine Output Time Series To Data Set & Close
15 25

Speed 284 m A (m/s)
== Actual data == Best-fit Weibull distribution (k=1.82, c=7.48 nvs)
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Stop! Do you really want to attempt
this on your own?

- Village and utility must be partners - MOU.

- Contact your regional Native corporation to see
if they have engineering resources or can help
fund the project.

- Request proposals (RFP) from engineering firms,
environmental permitting consultants and
project management companies.

- Even experienced utilities like AVEC, Kodiak
Electric and GVEA partner with consultants.

10/30/12 18



- Are your phases balanced?

Can your existing electrical distribution
system support wind technology?

Do you have newer diesel gensets with fast, electronic
injection controls or mechanical governors?

- Are your gensets sized so that you can run at optimum

fuel efficiency both when the wind is blowing and when
it[3 calm?

- Are your distribution lines, transformers and meters up

to code?

- If you cand answer yes[to all of these questions, you
could save more money by fixing your existing power
system.

10/30/12
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Can your existing electrical distribution
system support wind tech

g | a—
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Can your existing electrical distribution
system support wind technology?

10/30/12
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Pick a potential site

Pick a site that is close to the existing power distribution
grid.
Site should have little or no tall vegetation and no
buildings to block prevailing winds.

- Site met tower at a minimum distance that is 5X the height of

any obstructions.

Consult AEALS Energy Pathway document (
ftp://ftp.aidea.org/AlaskaEnergyPathway/

2010EnergyPathway8-12Press.pdf), the Community
Database (
ftp://ftp.aidea.org/2010AlaskaEnergyPlan/
2010%20Alaska%20Energy%20Plan/Community
%_20Deployment%?20Scenarios/) and the state wind
resource maps.

22



Alaska Wind Mag
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Wind Resource Maps
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10/30/12




Deering
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Based on NREL-validated AWS Truewind 2010 map
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Wind Speed Classifications

30m Wind Speed
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Wind Resource Maps
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Wind Classifications

Class 1/Poor: Pursue options other than wind

Class 2/Marginal: High costs of development in rural Alaska prevent
an economical project.

Class 3/Fair: A large project on the Railbelt may be cost effective.
Remote village projects may have a payback longer than the 20-
year life of wind turbines.

Class 4/Good: A well-designed project will have a payback of 15-20
years.

Class 5/Excellent: A well-designed project will have a payback of
12-15 years.

Class 6/Outstanding: A well-designed project will have a payback of
10-12 years, but damaging high-wind events may be a concern.

Class 7/Superb: Project developer may want to find a sheltered site
to protect turbines from periodic damaging winds.

27



Set up a met tower

- 34-meter tower set up for at least one
year.

- Wind speeds are generally higher in
the winter and lower in the summer.

- Icing and turbulence can eliminate a
potential site.
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Set up a met tower

- Finding suitable anchors in permafrost, logging
slash or rocky soils can be difficult.

10/30/12
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Set up a met tower

iIn permafrost, logging
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Finding su
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Siting your met tower

- Some communities have relatively consistent
errain
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Siting your met tower

- Other communities have complex terrain
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Portable met towers

- Install multiple 10-
meter towers
simultaneously to
identify the best
location for a long
term study

- Tower costs ~ $1,000
- Weighs 75 Ibs.

- Can be erected with
two people and hand
tools.

10/30/12



Project milestones *

FeaS|b|I|ty/ $120k-$140k:

Purchase, ship and erect met tower

Obtain site control, right of entry and permits for met tower
Geotech site recon visit and report

Dismantle met tower

Draft and final wind and solar resource analysis

Draft and final conceptual design report

Permlttlng/De5|gn [ ~$250k

* This is the bare minimum. Some projects require additional steps.

10/30/12

Permitting

Negotiate site control

Avian and other environmental analyses
65% Civil, Mechanical, and Electrical Design
Revise Budget and Schedule

34



Project sizing and economics

e Diesel runs full-time

e Wind power reduces net load on diesel
LOW . )

e All wind energy goes to primary load

e No supervisory control system

e Diesel runs full-time
e At high wind power levels, secondary loads are
MEDIUM dispatched to insure sufficient diesel loading or wind 50% — 100% 20% — 50%
generation 1s curtailed
e Requires relatively simple control system
e Diesels may be shut down during high wind availability
HIGH e Auxiliary components are required to regulate voltage 100% — 400% | 50% — 150%
and frequency
e Requires sophisticated control system

= Projects that are too small won[il take advantage of economies of
scale.

= Projects that are too large may have excess power that never gets
used.

10/30/12 35



Installed Wind Capacity — 63.8MW
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Unalakleet
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Kotzebue
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PCE Impacts
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PCE Impacts
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Alaska Energy Authority
813 W. Northern Lights Blvd.
Anchorage, AK 99503
(907) 771-3053
1-888-300-8534 (toll free in Alaska)

WWW.akenergyauthority.org
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